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Abstract
Lightweight aggregates, drug delivery and energy storage are some of the
numerous applications of silica nanoparticles. Amorphous silica was extracted
from corn stalk using the sol-gel hydrothermal method and nanostructured
using Hexadecyl trimethyly ammonium bromide (CTAB) as template. The
crystallographic structures of synthesized silica nanoparticles was characterized
using X-Ray Diffraction (XRD). Functional groups was determine using fourier
transform infrared (FT-IR) techniques, specific surface area was determine
using the Brunauer Emmett Teller (BET) method. The presence of SiO2 was
confirmed by Energy dispersive X-ray (EDX), surface morphology and particle
size was examine using scanning electron microscope (SEM) and transition
electron microscope (TEM). This study provide a silica nanoparticles sourced
from agricultural biomass for cutting-edge applications including drug delivery.
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1. Introduction
Silica (SiO2) gel, are a strong three-fold addition of colloidal silica. Amorphous silica gels are
known as aqua gel, xerogel and aerogel depending on the process of synthesis [1]. Silica has
been successfully derived from variations in agricultural bio-resources, such as palm kennel
shell ash, sugar cane, rice husk, corn cob, bagasse and wheat and rice husk [1-11]. Several
procedures for silica extraction from biomass including; sol–gel, hydrothermal, gasification,
precipitation and acid leaching methods have also been reported [12].
The increasing awareness in the production of silica (SiO2) nanoparticles is as a results of the
widespread utilization as a simple raw compound in the production of various advanced
materials classes for advanced technological applications [2-6]. Methods developed for silica
nanoparticles production includes, templating, chemical vapour condensation, reverse micro
emulsion (RME), sol-gel and precipitation technique [13-15].
The Sol-gel hydrothermal processes combines two process that are used for the manufacture
of silica, ceramic and glass due to its capacity to produce solid, durable materials in trifling
circumstances [1-9]. This study developed amorphous silica nanoparticles from corn stalk
(CS) using the sol–gel hydrothermal extraction process, using CTAB as template. Extracted
silica was characterized using XRD, FTIR, EDX, SEM, TEM and BET surface Area
2. Materials and methods
Corn stalk (CS), was collected after the harvest season in south-south Nigeria, and burnt in
open air and the ashes further combusted in a muffle furnace at 750 oC, for 2 hrs at a heating
speed of 20 oC/min. The sol-gel hydrothermal method was used in the silica extraction were
25 g of CS was dissolved with 2 N NaOH and heated with constant stirring for 2 hrs. The
solution was filtered using a ashless filter paper. The filtrate pH was adjusted to 7.5-8.5 and
International Conference on Engineering for Sustainable World (ICESW 2020)




placed in an oven at 50 oC for 24 h for formation of gel. The gel was dissolve with 100 ml
deionized water and centrifuge and the supernatant was dispose of and the filtrate dried in an
oven at 70 oC for 12 h to obtain silica zero gel. The extracted silica was nanostructure by
adding 0.50 g of CTAB to 50 ml deionized water and stirred with a magnetic stirrer for 10
minutes to produce a clear homogeneous solution. 0.50 g of NH4OH was applied with
constant stirring for 10 mins, during which 2.5 g of silica was gradually added and permitted
to mature under stirring at room temperature for 48 hrs. The samples were calcine in a muffle
furnace at 600 oC to obtain CS-Nano silica. The Sample was characterize using XRD, FTIR,
BET, EDX, SEM and TEM.
3. Results and discussions
Fig. 1, displays the XRD spectral for CS-ask and extracted CS-Nano silica. Results sequence
for the CS-ash indicates the presence of quartz at theta = 21.54, 22.6, 41.35, 46.78 and
54.65O (SiO2PDF Card # 331161) and Calcite at = 21.5, 43.65, 46.56 and 56.21O theta
(CaCO3PDF Card # 050586). XRD collection of isolated CS-Nano silica particles at theta =
23.25, is the characteristic of amorphous solid, supports the development of amorphous silica;
related findings have been obtained by other researchers [1-3, 16-18]








Fig. 1: XRD spectral for CS-ash and CS –Nano silica
FTIR spectral has established the primary chemical compound that occurs in Nano-structured
CS-silica as shown in Fig. 2. Band 465 cm−1– 478 cm−1 is linked to the network of O Si O,
whilst the band 789 cm−1 – 809 cm−1 was assigned to the symmetrical stretching vibration
network of Si-O-Si [1]. Band, 1068 cm−1 – 1092 cm−1 is attributable to Si-O-Si abnormal
broadening and bandwidth at 1631 cm−1 – 1648 cm−1 and 3335 cm−1to 3470 cm−1 is owed to
O-H bonding vibration from silanol Si-OH groups and is attributed to H2O molecules
adsorbed on the silica sheet [2-8].
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Fig. 2: FT-IT spectral of CS-silica
Nano-structured silica extracted from CS-silica has been successful; however, from Fig. 3
and 4, SEM and TEM spectral, silica-silica agglomerations have been observed. Maximun
particles sizes varies from 54-98 nm. High Si and O amplitude as seen in the EDX spectrum
Fig. 4, reveals that the primary element in the sample is silica (SiO2). It contains about 98.59
per cent of the overall output. This are residual impurity commonly found in the extraction
process.
Fig. 3: SEM spectral of CS-Nano silica
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Fig. 4: TEM spectral of CS-Nano silica
Fig. 5: EDX spectral for CS-Nano silica
The surface area (SBET) of the prepared CS-Nano silica developed was assessed at 750 OC for
2 hrs after calcination. The surface region of CS-Nano silica was estimated to be 422 m2g−1.
This particular surface area is comparable to 438 m2g−1 observed for PKSA silica [1] and
greater than the values stated for RHA extracted silica nanoparticles [21].
4. Conclusion
Silica nanoparticles have been removed from corn stalk (CS) using a sol-gel hydrothermal
method. The findings indicate that amorphous silica nanoparticles with a 58.75 percent yield
of silica with marginal mineral pollutants can be generated from CS-ash. The XRD research
confirmed the occurrence of SiO2 in CS-ash and the existence of amorphous silica. The
notable chemical groups occurring in CS-silica were identified by the FTIR results. The FTIR
investigation indicates the presence of classes of silanol and siloxane. Silica-silica
agglomeration in different sizes (54-98 nm) and shapes was detected from the SEM and TEM
analyses. The silica existence in the samples was recognized by the EDX analysis. This
research offers silica nanoparticles from biomass for advanced substance applications,
including drug delivery.
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